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HIGH-GAIN CONFORM AL ARRAY ANTENNA 



BACKGROUND OF THE INVENTION 
[0001] The present invention relates generally to an antenna array, and more particularly to 
5 a high-gain conformal antenna array that can steer its beam direction without the use of phase 
shifters and beamformer circuitry. 

[0002] It is often desirable to have antenna arrays that are "steerable," so that the antenna 
can be used to communicate while the antenna is attached to a moving object. Typically, 
these "steerable" antennas are phased array antennas. A phased array antenna usually has a 

10 non-mechanically steered array of radiators. The radiating elements are passive devices (e.g., 
dipoles or feed horns), and may include active devices, such as amplifiers. The steering of 
the beam is carried out by varying the phase (and amplitude for full side lobe control) of the 
signal in each radiating element. For a passive device, the phase control typically is achieved 
in a feed assembly placed between a high-power amplifier and the radiating elements, and for 

15 an active array, there typically is a phase shifter and amplifier per element per beam. 

[0003] For a passive array antenna, the high-power amplifier has had the power divided up 
among a number of different feed lines. Each feed line is acted on by a variable phase- 
change and a variable attenuator device. The resultant output signal from each feed line then 
is fed to a passive antenna element. The sum of the many phases and amplitudes generated 
20 by the passive antenna element cluster will develop the antenna beam direction and coverage. 

[0004] For an active array antenna, the phase and amplitudes are controlled by active 
elements in each feed line. The amplitude is controlled by the gain of an amplifier, and the 
phase can either be controlled within the amplifier unit itself or by a phase element associated 
with the radiating device. To steer the beam, many signal lines will each feed an active 
25 element, and a complex phase front will be developed by the array. Each beam direction will 
be determined by the composite phase of the associated phase front for that signal, and each 
beam shape will be given by the number of individual elements geometry of the array. 

[0005] The problem with traditional phased array antennas is that they require large, 
complex and expensive circuitry to make them work. In the passive array case, the antenna 
30 array requires a phase shifter and attenuator for each radiating element. Similarly, in the 

active array case, the antenna array requires an amplifier and phase shifter for each radiating 



element. As one skilled in the art will appreciate, these phase shifter or beam- forming 
networks require a significant amount of power, take-up a significant amount of space, and 
are quite expensive. 

[0006] Thus, a need arises for a steerable antenna array system that is relatively easy to 
5 implement, requires less power-intensive circuitry, and is less expensive than the traditional 
phased array antennas. 

BRIEF SUMMARY OF THE INVENTION 
[0007J An antenna array system comprising a plurality of antenna elements organized in an 

10 array and configured to form a non-planar shaped antenna array surface. The antenna array 
system further comprises switching circuitry configured to switch each of the plurality of 
antenna elements on or off based on control signals. In one embodiment, the antenna array 
system is configured such that the antenna beam direction can be steered in a first direction 
by switching on a first set of antenna elements, and the antenna beam direction can be steered 

15 in a second direction by switching on a second set of antenna elements. In one embodiment, 
the second set of antenna elements can include one or more antenna elements from the first 
set of antenna elements, or the second set of antenna elements may not include any antenna 
elements from the first set. 

[0008] In one embodiment, the antenna beam direction can be steered in a plurality of 
20 directions by switching on a set of antenna elements for each of the plurality of directions. 
Further, in other embodiments, the antenna array may comprise a transmit antenna array, a 
receive antenna array, or a combination of a transmit antenna array and a receive antenna 
array. 

[0009] In some embodiments, the antenna elements may comprise antenna elements 
25 selected from the group consisting of horn antenna elements, dipole antenna elements, patch 
antenna elements, slot antenna elements, or any other suitable antenna element configuration. 
In one embodiment, the antenna elements comprise horn antenna elements, such as, for 
example, cylindrical horn antenna elements, conical horn antenna elements, step-cylinder 
antenna elements, or any other suitable horn antenna configuration. 

30 [0010] In one embodiment, the antenna elements are evenly spaced within the antenna 

array. In another embodiment, the antenna elements are unevenly spaced within the antenna 
array. In yet another embodiment, the antenna elements are all the same size. 
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[0011] In accordance with some embodiment of the invention, the non-planar shaped 
antenna array surface may comprise any non-planar shape, such as a spherical convex shape, 
a spherical concave shape, a parabolic convex shape, a parabolic concave shape, an 
ellipsoidal convex shape, an ellipsoidal concave shape, a saddle shape, an air- foil shape, or 
5 any other suitable shape that has a region where a plane tangent to that region is 
perpendicular to a desired direction of radiation. 

[0012] In one embodiment, the antenna array comprises M-number of antenna elements, 
and the switching circuitry is configured to connect N-number of the M-number of antenna 
elements at a given time. In accordance with this embodiment, the switching circuitry 
1 0 comprises a signal splitter adapted to split a signal into N-number of signals. In addition, the 
switching circuitry includes a switching matrix comprising NxM-number of switches, and 
switch control circuitry adapted to control the switching matrix so that a specified set of the 
N-number of M-number of antenna elements are switched on. 

[0013] In one embodiment, the switching matrix comprises MEMS (micro electro- 
15 mechanical systems) switches. In another embodiment, the switching circuit further 

comprises a signal amplifier adapted to amplify the signal prior to the signal entering the 
signal splitter. Further, in yet another embodiment, the switching circuitry may include a 
filter/diplexer adapted to separate transmit and receive signals to/from the antenna array. 

[0014] In yet other embodiments, antenna array comprises a hexagonal array of antenna 
20 elements. The hexagonal array may comprise a plurality of hexagonal antenna element 

clusters abutted together to form the hexagonal array. In accordance with this embodiment, 
each hexagonal antenna element cluster comprises X-number of antenna elements configured 
in a hexagonal arrangement. 

[0015] In another embodiment, the antenna array comprises N-number of the hexagonal 
25 antenna element clusters, and the switching circuitry is configured to control X-number of 
antenna elements at a given time. In accordance with this embodiment, the switching circuit 
comprises a signal splitter adapted to split a signal into X-number of signals, a switching 
matrix comprising X-number of lxN switches, and switch control circuitry adapted to control 
the switching matrix so that a contiguous set of the X-number of the antenna elements are 
30 enabled. In some embodiments, the lxN switches comprise multiplexers. In other 

embodiment, the antenna array comprises a total of M-number of antenna elements, and the 
lxN switches comprise M-number of on/off switches. 
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[0016] In accordance with some embodiments of the invention, the antenna array system 
can be used in any environment in which antenna are used, including but not limited to, 
satellite ground stations, air-borne vehicles, space vehicles, water vehicles, and ground 
vehicles. 

5 [0017] The present invention further comprises a spacecraft including the antenna array 
systems, and the present invention comprises methods for operating antenna array systems set 
forth herein. 

[0018] A more complete understanding of the present invention may be derived by 
referring to the detailed description of preferred embodiments and claims when considered in 
1 0 connection with the figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] In the Figures, similar components and/or features may have the same reference 
label. Further, various components of the same type may be distinguished by following the 
15 reference label with a second label that distinguishes among the similar components. If only 
the first reference label is used in the specification, the description is applicable to any one of 
the similar components having the same first reference label irrespective of the second 
reference label. 

[0020] Fig. 1 is a drawing showing angles of communication for prior art low earth orbit 
20 satellites; 

[0021] Fig. 2 is a graph showing gain characteristics for prior art low earth orbit satellites; 

[0022] Fig. 3 is a graph showing a desired gain characteristic for low earth orbit satellites 
that can compensate for path loss variation with respect to the satellite's nadir pointing angle; 

[0023] Fig. 4a is a drawing of a conformal antenna array in accordance with one 
25 embodiment of the present invention; 

[0024] Fig. 4b is a drawing of the antenna array of Fig. 4 illustrating gain characteristics of 
one of the antenna elements of the array; 

[0025] Fig. 5 is a drawing of the antenna array of Figs. 4a and 4b showing different clusters 
of active antenna elements; 
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[0026] Fig. 6a is a drawing showing gain characteristics of one of the clusters of active 
antenna elements of Fig. 5; 

[0027] Fig. 6b is a drawing showing gain characteristics of a second of the clusters of 
active antenna elements of Fig. 5; 

5 [0028] Fig. 6c is a drawing showing gain characteristics of a third of the clusters of active 
antenna elements of Fig. 5; 

[0029] Fig, 7 is a schematic drawing of an antenna array switching circuitry in accordance 
with one embodiment of the present invention; 

[0030] Fig. 8a is a cross-sectional view of one embodiment of a conformal array of the 
10 present invention showing gain characteristics from some of the antennal elements of the 
array; 

[0031] Fig. 8b is a is a drawing of a conformal antenna array in accordance with one 
embodiment of the present invention which uses non-contiguous rows of elements are used 
for a nadir-pointing beam; 

1 5 [0032] Fig. 9a is a schematic drawing of one embodiment of an antenna array of the present 
invention having antenna elements arranged in a hexagonal configuration; 

[0033] Fig. 9b is a schematic drawing of one hexagonal cluster of the antenna array of Fig. 
9a; and 

[0034] Fig. 10 is a schematic drawing of one embodiment of an antenna array switching 
20 circuitry for the antenna array illustrated in Fig. 9a. 

DETAILED DESCRIPTION OF THE INVENTION 
[0035] The present invention relates generally to an antenna array, and more particularly to 
a high-gain conformal antenna array that can steer its beam direction without the use of phase 

25 shifters and beamformer circuitry. Instead, the beam is steered by selecting an array element 
that points most nearly in the general direction that is desired. One or more arrays of 
elements that are contiguous to the selected element are enabled. Further, in one 
embodiment, non-contiguous elements may be selected to help the antenna gain. This 
ensemble of elements creates a high-gain directional beam in the direction of that beam of the 

30 center element. 
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[0036] One environment in which it is favorable to use "steerable" antenna arrays is 
satellite communications, and in particular with low earth orbit (LEO) and medium earth 
orbit (MEO) satellites. As one skilled in the art will appreciate, LEO satellites, such as those 
launched by NASA and other entities, are used for a variety of purposes. For example, such 
5 LEO satellites can be used to analyze certain properties or qualities of the earth and objects 
on the earth, such as magnetic properties of the earth, cloud cover, crop quality, infrared 
energy from earth objects, and even ground images. The satellites typically include sensors 
and/or cameras to collect data as they orbit the earth, and they download the data to a 
terrestrial network gateway as they pass over. 

10 [0037] As the satellites collect data, they store it on disks or other media. Then, as the 

satellites pass into communication "sight" of the terrestrial network gateway, they download 
as much of the data as possible during the visibility interval. As one skilled in the art will 
appreciate, this interval can be as low as about 3-4 minutes and as high as about 20 minutes. 

[0038] As one skilled in the art will appreciate, there are a number of factors that affect the 
15 transmission of data from low earth orbit (LEO) and medium earth orbit (MEO) satellites to 
terrestrial receiving stations, such as weather and the location of the satellite in relation to the 
receiving station. 

[0039] For example, as illustrated in Fig. 1, when a satellite 104 first comes into view of a 
terrestrial receiving station 106 (e.g., on earth 102), it still is a relatively long distance from 

20 the station (see path length 108). As a result, the path loss through free space and long 
atmospheric path creates signal losses, which limit the rate of data that can be transmitted 
from the satellite to the terrestrial receiving station. As time passes, satellite 104 passes more 
overhead of terrestrial receiving station 106, shortening the free space distance between 
satellite 104 and station 106 and shortening the path through the atmosphere (see path length 

25 110), and thus increasing the data rate transmission capacity. Late in the pass the path length 
increases (see path length 1 12), thus decreasing the data transmission capacity again. 

[0040] Because there is greater path loss the further the satellite is from the terrestrial 
receiving station, it would be desirable to have satellite antennas with higher gains at the 
further distances. Unfortunately, however, in most cases the opposite is true. As one skilled 
30 in the art will appreciate, as a satellite rises above the horizon and come into "view" of the 
terrestrial receiving station, the antenna is not pointing at the receiving station, but rather, at 
some point just past the horizon. 
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[0041] This is illustrated in Fig. 1, which shows an antenna pointing path 1 14 as satellite 
104 rises into view of the terrestrial receiving station. As one can see, the antenna pointing 
path 1 14 is an angle 116 away from the direct pointing path to terrestrial receiving station 
106. Similarly, as the satellite sets, the same problem exists. That is, the antenna pointing 
5 path 1 18 is an angle 120 away from the direct pointing path to the terrestrial receiving station. 
Only when satellite 104 is directly overhead of terrestrial receiving station 106 does the 
antenna point directly at the receiving station. 

[0042] Because the antenna generally is not pointing at the receiving station as it traverses 
its orbit path, the antenna gain actually is worse at these greater distances, rather than better, 

10 which is the desired result. This is illustrated in the graph 200 of Fig. 2, which shows a gain 
curve 202 for a typical LEO satellite as it traverses through an orbit. As one can see, the gain 
is highest when the satellite is over the receiving station (angle 0.00) and then decreases as 
the satellite is further from the overhead position, with the antenna having very poor gain 
characteristics at angles over 45 degrees. These gain characteristics are typical for most LEO 

1 5 satellites, even when the satellites are equipped with bulky, expensive and complex beam- 
forming antenna systems. 

[0043] Fig. 3 illustrates a graph 300 showing more preferred gain characteristics for a LEO 
statellite antenna system. Graph 300 shows examples of two preferred gain curves 302 and 
304. Gain curve 302 is an example gain curve for clear skies and gain curve 304 is an 

20 example gain curve for one rain scenario. As one can see, when it is raining or other 

inclement weather exists, it is desirable to have an antenna with higher gain to offset the 
losses caused by the weather. While the gain curves in Fig. 3 are preferred, one skilled in the 
art will appreciate that any gain characteristic that is better than that illustrated in Fig. 2 
would be an improvement. The present invention, thus, provides an antenna configuration 

25 and system with improved gain characteristics for more optimum radiation characteristics for 
LEO and MEO satellites. 

[0044] While satellites are one environment in which the antenna array system of the 
present invention can be used, one skilled in the art will appreciate that it is not limited to this 
environment. The antenna array system of the present invention can be used in any 
30 environment in which it is desirable to have a "steerable" antenna beam or multiple antenna 
beams. For example, the antenna array system of the present invention can be used with 
steerable satellites, steerable satellite ground stations, air vehicles, water vehicles, and ground 
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vehicles. Air vehicles may include, but are not limited to, airplanes, helicopters, balloons, 
missiles, and endo- and exo-atmospheric platforms. Similarly, water vehicles can include 
boats and submarines, and ground vehicles can include any form of ground vehicle, such as 
cars, trucks, tanks, fighting vehicles or the like. 

5 [0045] As previously stated, the present invention relates to a high-gain conformal or 
shaped antenna array that can steer its beam direction without the use of phase shifters and 
beamformer circuitry. Because the antenna array may be formed or shaped, the beam from 
the antenna array can be steered by enabling a set of antenna elements that will create a 
desired directional gain characteristic. To steer the antenna beam in a different direction, a 
10 different set of antenna elements can be enabled. By selecting different sets of antenna 
elements on the antenna array, any number of different beam steering directions can be 
selected without the need for very expensive, power intensive phase shifters, transmitters, and 
radiator elements, and the associated circuitry. 

[0046] Referring now to Figs. 4a and 4b, one embodiment of a conformal antenna array 
1 5 400 of the present invention is shown. Antenna array 400 comprises a plurality of antenna 
elements 402 organized in an array and configured to form a non-planar shaped antenna array 
surface. Antenna elements 402 can comprise any suitable antenna element, such as a horn 
antenna element, a patch antenna element, a dipole antenna element, a helical antenna 
element, a slot antenna element, or any other suitable antenna element configuration. In one 
20 embodiment of the invention, antenna elements 402 comprise horn antenna elements, such as 
cylindrical horn antenna elements, conical horn antenna elements, or step-cylinder horn 
antenna elements. In other embodiments, rectangular or pyramidal horn antenna elements 
can be used. 

[0047] Antenna elements 402 may be symmetrically located within antenna array 402 or 
25 they may have a non-symmetrical configuration. Further, antenna elements 402 may be 
evenly or unevenly spaced within the array, and the antenna elements all may be the same 
size, or the array may include a plurality of different sized antenna elements. Also, the shape 
of the conformal array is non-planar and may comprise any suitable shape configuration, such 
as a spherical convex shape, a spherical concave shape, a parabolic convex shape, a parabolic 
30 concave shape, an ellipsoidal convex shape, an ellipsoidal concave shape, a saddle shape, an 
air- foil shape, or any other shape that has a region where a plane tangent to that region is 
perpendicular to a desired direction of radiation. 

8 



[0048] As illustrated in Figs. 4a and 4b, one embodiment of the invention may comprise a 
convex spherical shaped array 400, having symmetrically oriented and evenly spaced antenna 
elements 402. In the illustrated embodiment, the antenna elements 402 are organized in a 
hexagonal configuration, and all the antenna elements are the same size. Fig. 4b illustrates 
5 gain characteristics 404 for one of antenna elements 402 in the illustrated embodiment of 
antenna array 400. As illustrated, because the antenna array is shaped, the antenna beam may 
be pointed at a directional angle not necessarily perpendicular to the center of the array. 

[0049] Referring now to Fig. 5, a conformal array 500 is shown. In this embodiment, a 
cluster of feeds 502 termed the nadir cluster points at a nadir located communications target. 
10 A cluster 504 centered on a horn that is 15° displaced from nadir points at a communications 
target that is 15° from the nadir axis. Similarly, a cluster 506 centered on a horn that is 30° 
displaced from nadir points at a communications target that is 30° from the nadir axis, and so 
on. 

[0050] Figs. 6a, 6b and 6c illustrate the gain characteristics for clusters 502, 504 and 506 
1 5 respectively. All of these beam characteristics are very similar, differing only in minor detail 
and pointing direction. Thus, the beam angle of the antenna can be moved or steered merely 
by switching on/off different antenna elements on the array. In this manner, the beam of the 
illustrated antenna array can cover virtually any forward pointing direction by controlling the 
switching of the power to clusters of the individual antenna elements, 

20 [0051] As discussed, beam steering for the conformal antenna arrays of the present 

invention is controlled by switching on/off antenna elements or sets of antenna elements on 
the shaped surface of the antenna array, not by the use of phase shifters. Referring now to 
Fig. 7, one embodiment of an exemplary switching circuitry 700 for the present invention is 
shown. Circuitry 700 comprises an input signal source 701, a power splitter 702, a switching 

25 matrix circuitry 704, and a switch control logic processor 706. In accordance with this 

exemplary embodiment of the invention, it will be assumed that an antenna array comprises 
M-number of antenna elements, and it is desirable to steer the antenna beam by turning on 
different subsets of the M-number of antenna elements. In accordance with this example, the 
subset(s) of antenna elements may comprise N-number of antenna elements. 

30 [0052] Because it is desirable to enable N-number of antenna elements at any one given 
time, the antenna will need N-number of signals to drive the antenna elements. Thus, power 
splitter 702 is configured to divide signal 701 into N-number of signals 708-1 - 708-N, which 



9 



in turn enter switching matrix 704. Switching matrix 704 comprises one input for each 
antenna element that can be powered on at one time (N), one output for each antenna element 
in the antenna array (M), and one switch 712 for each combination of input signal and output 
(NxM). In this manner, any subset combination of N-number of antenna elements of the total 
5 M-number of antenna elements can be powered-on at a time. Thus, for example, if an 

antenna array comprises 2000 individual antenna elements, and the system is configured so 
that a subset of 200 antenna elements can be powered on at any one time, switching matrix 
704 will include 400,000 switches (200x2000). The antenna elements that are enabled need 
not be contiguous, so different groups or rings of antenna elements can be enabled at any 
10 given time to support multiple beams or to meet the phase constraints as discussed below. 

[0053] Switches 712 within switching matrix 704 may comprise any suitable switch type, 
such as MEMS switches, pin-diode switches, or the like. Because of the large number of 
switches that may be required, in one embodiment, it may be preferable to use MEMS 
switches to control the size of the array. 

15 [0054] Switch control logic 706 is configured to control the switching matrix 704, and in 
particular, individual switches 712. Switch control logic 706 may comprise any suitable 
control circuitry, such as an embedded mirco-processor, an FPGA, an ASIC, or the like, and 
it may receive switch control signals other sources, such as a master processor or the like. 
The details of control circuitry 706 should be apparent to those skilled in the art, and thus, 

20 will not be discussed in detail herein. 

[0055] In other embodiments of the invention, switching circuitry 700 may comprise a 
signal amplifier 714, which amplifies the input signal 701 before it passes into splitter 702. 
In addition, for antennas arrays configured for both transmit and receive, switching circuitry 
700 may include a filter/diplexer 716 which separates the transmit signals from the receive 
25 signals. In the illustrated embodiment, the transmit signals pass into splitter 702, while the 
receive signals are passed to a receiver 718. 

[0056] Referring now to Fig. 8a, the operation of one embodiment of a conformal array 800 
in accordance with the present invention will be described. In the illustrated embodiment, 
array 800 comprises a shaped surface 802, a plurality of antenna elements 804, and switching 
30 circuitry 806. As discussed above shaped surface 802 may comprise any number of different 
shaped surfaces, and antenna elements 804 may comprise any antenna element type, such as 
horn antenna elements, or the like. Further, switching circuitry may comprise the switching 
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circuitry illustrated in Fig. 7 and disclosed above, or the switching circuitry may comprise 
other embodiment. In the illustrated embodiment, the shaped surface comprises a convex 
spherical surface and the antenna elements comprise horn elements. 

[0057] To point a beam in a particular direction with maximum gain or a desired gain, it 
5 may be preferable to enable as many antenna elements as possible, or at least a pre-selected 
number of antenna elements. One issue with using a shaped array, however, is that the shape 
will cause phase differences between the elements. For example, as illustrated in Fig. 8a, 
assume the desired direction of the antenna beam is along arrow 812. In this case, antenna 
element 808 (the "reference antenna element") will produce a gain pattern or radiation pattern 
10 810 which has a main lobe axis in the desired beam direction 812. Other antenna elements 
also will have radiation patterns, which can contribute to the beam gain in the desired 
direction, but because of the shape of the array, phase differences caused by the contour of 
the antenna surface will limit the cluster size that may produce a useful antenna beam shape. 

[0058] The phase differences are caused by the location of the antenna elements with 
1 5 respect to reference antenna element 808 which has the radiation pattern in the desired 

direction. For example, reference antenna element 808 points its beam 812 perpendicular to 
its aperture. Because of the shape of the array, other antenna elements do not point in the 
same direction, and in addition, their signal phases are not aligned with the signal from 
element 808. In most instances, the phase shift is greater for elements further away from 
20 reference element 808 and is a function of the angle 816 between plane 814 and the surface 
of the array 802. Because of the phase shift, there is a loss of coherence between the signal 
from element 808 and all other elements in its cluster and on the antenna array. 

[0059] As one skilled in the art will appreciate, phase delayed signals will have 
components that can add to the overall signal, but at a certain point, will also subtract or 

25 cancel from the signal. This limits the size of the cluster, and hence, the maximum gain of a 
cluster array That is, if reference element 808 has a reference phase \ elements having a 
phase delay such that the phase reference is >/2 will cancel the signal. Thus, in one 
embodiment, only antenna elements having phase delays within multiples of about ±X/4 may 
operate effectively. For example, both elements 818 and 820 have phase delays of X/4 and 

30 thus can be used. As illustrated, element 818 has a radiation pattern 822, which includes a 
contributing gain component 824 in the desired beam direction 812, and element 820 has a 
radiation pattern 826, which also includes a contributing gain component 828 in the desired 
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beam direction 812, In this example, all elements between elements 818 and 820 also could 
be used, because they also will have phase delay offsets to the plane perpendicular to the 
beam pointing direction within ±X/4. 

[0060] In addition, elements that have phase delays that are integer multiples of X also can 
5 be used. For example, element 830 has a phase delay of 2X, and includes contributing gain 
component 834 from its radiation pattern 832. In addition, elements 836 and 838 are within 
multiples of ±A/4, so those elements as well as the elements between them can also be use. In 
the illustrated embodiment, the group of elements 840 probably should not be used because 
they will have more of a canceling effect, and thus will reduce the gain of the antenna. Also, 

1 0 as shown in Fig. 4, the further the elements are from the reference element 808, the less the 
elements contribute to the overall gain of the antenna. Therefore, there is a practical limit as 
to which elements can be used. However, Fig. 8a does illustrate that it is possible, and 
perhaps preferable, to use non-contiguous elements to generate the beam. Fig. 8b further 
illustrates an embodiment of an antenna array 850 in which non-contiguous rows of elements 

1 5 852, 854 may be used for a nadir-pointing beam. 

[0061] Referring now to Figs. 9a and 9b, another embodiment of an antenna array 
configuration 900 in accordance with the present invention is shown. The illustrated 
embodiment shows the array configuration as a planar array for illustrative purposes. As 
with the embodiment discussed above, the shape of the array surface can be any suitable 
20 shape, such as a convex spherical array, a concave spherical array, a convex parabolic array, a 
concave parabolic array, a convex ellipsoidal array, a concave ellipsoidal array, a saddle 
shaped array, an air-foil shaped array, or any other suitable shape as previously discussed. In 
addition, the actual shape of the array may be of the form of a uniform periodic array warped 
to a hemispherical shape. 

25 [0062] In the embodiment illustrated in Fig. 9a, array 900 comprises a plurality of 

hexagonal array clusters 902-1 to 902-N abutted to form the array pattern. Each hexagonal 
array cluster 902 comprises a plurality of antenna elements 904, which may be any suitable 
antenna element as discussed above. In one embodiment of the invention, as illustrated in 
Fig. 9b, each hexagonal array cluster 902 comprises 61 antenna elements. In this 

30 configuration, there is a center element (1), a first ring of 6 elements (2-7) forming first a 
hexagon, a second ring of 12 elements (8-19) forming a second hexagon, a third ring of 18 
elements (20-37) forming a third hexagon, and a forth ring of 24 elements (38-61) forming a 
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forth hexagon. In one embodiment, the elements are the same size and equally spaced within 
the array, although this is not required and other embodiments may be configured differently. 

[0063] In this particular embodiment, antenna array 900 will have 61 or fewer antenna 
elements active at any one time. The active or enabled antenna elements may coincide with 
5 one of the hexagonal array clusters 902, or the active or powered-on antenna elements may 
overlap multiple hexagonal array clusters 902. In any event, with this particular 
configuration, the switching circuitry needed to drive the antenna array will only require one 
switch per antenna element in the array, not the NxM-number of switches as disclosed in the 
matrix switch embodiment above. 

10 [0064] Referring now to Fig. 10, one embodiment of an exemplary switching circuitry 
1000 for the antenna array embodiment illustrated in Figs. 9a and 9b is shown. Circuitry 
1000 comprises an input signal source 1001, a power splitter 1002, switching circuitry 1004, 
and a switch control logic processor 1006. In accordance with this exemplary embodiment of 
the invention, it will be assumed that the antenna array 900 comprises N-number of 

15 hexagonal array clusters 902 with each comprising 61 antenna elements 904, as illustrated in 
Figs. 9a and 9b. In accordance with this embodiment, switching circuitry is configured to 
switch on a set of 61 or fewer antenna elements at any one time, and it will steer the antenna 
beam by activating or enabling different sets of the 61 or fewer antenna elements. 

[0065] Because it is desirable to enable 61 antenna elements at any one given time, the 
20 antenna will need 61 signals to drive the antenna elements. Thus, power splitter 1002 is 

configured to divide signal 1001 into at least 61 signals 1008-1 - 1008-61, which in turn enter 
switching circuitry 1004. As one skilled in the art will appreciate, most power splitters are 
configured to split signals into powers-of-two signals, so in the illustrated embodiment, 
power splitter 1002 may be configured to split signal 1001 into 64 signals, with 61 of the 
25 signals 1008 entering switching circuitry 1004. The remaining signal 1010 may be used for 
other purposes, such as feed-back signal analysis and the like. 

[0066] Switching circuitry 1004 comprises one input 1008 and one IxN switch or 
multiplexer 1009 for each antenna element 904 that can be enabled at one time (61 is this 
example). Thus, in accordance with this embodiment, each switch 1009, will have N outputs, 
30 one for each cluster 902. In the embodiment illustrated in Fig. 10, to make the circuitry 

easier to follow, only two switches or MUXs are shown (1009-1 and 1009-61). One skilled 
in the art will appreciate, however, that the present invention includes one switch or MUX for 
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each input signal 1008 (61 in this example). In addition, while the output of switches 1009 is 
shown as a single line in the illustrated embodiment, one skilled in the art will appreciate that 
there are N outputs with each output going to one of the clusters 902. This is denoted by the 
/N on the signal line. 

[0067] For purposes of explaining one embodiment of switching circuitry 1004, assume 
each of the elements in the array shown in Fig. 9a may be labeled in the form of L,K, where 
L is one of the N-number of the 61 element clusters 902 within a hexagon of elements, and K 
is a particular element of that or any other of the N-number of clusters 902. In one 
embodiment, for K=l, the center element is denoted. Thus, L,l is the center element of the 
Lth cluster. Fig. 9b illustrates one embodiment of how each of the clusters 1-N can be 
labeled. Thus, in Fig. 10, element 1,1 is labeled 904-1-1; element 2,1 is labeled 904-2-1; 
element N,l is labeled 904-N-l; element 1,61 is labeled 904-1-61; element 2,61 is labeled 
904-2-61; etc.. Thus, in keeping with this example, L, 38 is the top element of the Lth 
cluster, and so on. One skilled in the art, however, will appreciate that any suitable 
numbering scheme may be used, and thus, the present invention is not limited to the 
illustrated embodiment. 

[0068] In the illustrated embodiment, the signal splitter output signal 1008-1 is connected 
to any of the L,l elements through a lxN selector switch. Similarly, output signal 1008-2 is 
connected to any of the L,2 elements through a lxN selector switch, and so on. As 
mentioned above, in one embodiment, the lxN switch may be a multiplexer. In another 
embodiment, the lxN switch maybe realized as an ensemble of M on/off switches, where M 
is the total number of antenna elements in array 900 (Nx61 total antenna elements in this 
example). Since only one switch is required for each element, only M switches are needed, 
not the NxM switches of the previous embodiment. 

[0069] As mentioned previously, in this particular embodiment, 61 or fewer antenna 
elements can be enabled at one time, and the active or enabled antenna elements may 
coincide with one of the hexagonal array configurations 902, or the active or enabled antenna 
elements may overlap multiple hexagonal array configurations 902. Thus, any contiguous 61 
elements can be switched-on at any one time merely by specifying the hexagonal cluster that 
should be used for each signal 1008, so that only one antenna element 904 for each signal 
1008 is on at one time. For example, if antenna element 904-1-1 is enabeled, antenna 
elements 904-2-1, 904-3-1 . . . 904-61-1 cannot be enabled. Similarly, if antenna element 
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904-2-56 is enabled, the other antenna elements 56 in the other hexagonal array 
configurations cannot be enabled. In this manner, only one element associated with each 
signal line 1008 will be enabled at one time. 

[0070] In one embodiment, the active array is constrained to be comprises of contiguous 
5 element. In other embodiments, however, the antenna elements that are enabled need not be 
contiguous, so different groups or rings of antenna elements can be powered on at any given 
time. In this embodiment, however, to have non-contiguous elements enabled at one time, 
there will be clusters or subsets of contiguous antenna elements fewer than 61, such that only 
61 total antenna elements are enabled at one time. By enabling different non-contiguous 
10 clusters of antenna elements, signal canceling antenna elements can be eliminated, as 
discussed above. 

[0071] The switches used in switching matrix 1004 may comprise any suitable switch type, 
such as MEMS switches, pin-diode switches, or the like. In one embodiment, it may be 
preferable to use MEMS switches to control the size of the array. 

15 [0072] Switch control logic 1006 is configured to control the switching matrix 1004, and in 
particular, the individual switches in the matrix. Switch control logic 1006 may comprise any 
suitable control circuitry, such as a processor, an FPGA, an ASIC or the like, and it may 
receive switch control signals other sources, such as a master processor or the like. The 
details of control circuitry 1006 should be apparent to those skilled in the art, and thus, will 

20 not be discussed in detail herein. 

[0073] In other embodiments of the invention, switching circuitry 1000 may comprise a 
signal amplifier 1014, which amplifies the input signal 1001 before it passes into splitter 
1002. In addition, for antennas arrays configured for both transmit and receive, switching 
circuitry 1000 may include a filter/diplexer 1016 which separates the transmit signals from 
25 the receive signals. In the illustrated embodiment, the transmit signals pass into splitter 1002, 
while the receive signals are passed to a receiver 1018. 

[0074] While the embodiment illustrated in Figs. 9a, 9b and 10 is described herein such 
that the hexagonal array configurations 902 comprise 61 antenna elements, and the antenna 
array 900 will have 61 or less antenna elements switched on at one time, one skilled in the art 
30 will appreciate that the hexagonal array configuration and the number of active elements can 
be more or less than the 61 specified. For example, the hexagonal array configuration may 
only comprise 7, 19, or 37 elements, or the hexagonal array configuration may comprise 
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more elements, such as 91, 127, 169, etc. Thus, the present invention is not limited to the 
specific embodiment illustrated in Figs. 9a, 9b and 10, and disclosed herein. 

[0075] In conclusion, the present invention provides novel antenna array configurations and 
associated switching systems and methods. While detailed descriptions of one or more 
5 embodiments of the invention have been given above, various alternatives, modifications, and 
equivalents will be apparent to those skilled in the art without varying from the spirit of the 
invention. Therefore, the above description should not be taken as limiting the scope of the 
invention, which is defined by the appended claims. 
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